Modulating fluorescence anisotropy of terminally labeled double-stranded DNA via the interaction between dye and nucleotides for rational design of DNA recognition based applications.
Effective signal enhancement for fluorescence anisotropy in a simple manner is most desirable for fluorescence anisotropy method development. This work aimed to provide insights into the fluorescence anisotropy of terminally labeled double-stranded DNA (dsDNA) to facilitate a facile and universal design strategy for DNA recognition based applications. We demonstrated that fluorescence anisotropy of dsDNA could be regulated by the nature of dyes, the molecular volume, and the end structure of dsDNA. Fluorescence anisotropy ascended with the increased number of base pairs up to 18 bp and leveled off thereafter, indicating the molecular volume was not the only factor responsible for fluorescence anisotropy. By choosing dyes with the positively charged center, high fluorescence anisotropy signal was obtained due to the confinement of the segmental motion of dyes through the electrostatic interaction. By properly designing the end structure of dsDNA, fluorescence anisotropy could be further improved by enlarging the effective overall rotational volume, as supported by two-dimensional (2D) (1)H-(1)H nuclear Overhauser enhancement spectroscopy (NOESY). With the successful enhancement of the fluorescence anisotropy for terminally labeled dsDNA, simple and universal designs were demonstrated by sensing of major classes of analytes from macromolecules (DNA and protein) to small molecules (cocaine).